Summary. Testosterone production in testis tissue taken from rams that had been scrotally insulated for 28 days and from control animals was compared in the presence and absence of pregnenolone and LH. The absolute content of testosterone, but not its concentration was reduced in scrotally insulated rams. Tissue from treated animals was able to synthesize testosterone from exogenous pregnenolone as effectively as tissue from control rams, whilst LH and pregnenolone together had little additive effect. The addition of LH alone stimulated greater testosterone production by testis tissue from treated rams than from control testes. The addition of pregnenolone was followed by a rise in testosterone production within 1 h of incubation, whilst the LH stimulation of testosterone production was not evident until after 4 h of incubation. This suggests that the major action of LH in this system may be to simulate the conversion of pregnenolone precursors to pregnenolone. It is suggested that an accumulation of pregnenolone precursors occurs in the scrotally insulated testes and that these may be mobilized and cleaved after incubation with LH in vitro.
Introduction
Histological and morphometric examination of testis tissue after artificial cryptorchidism or scrotal insulation suggests that an increase in either the number or volume of Leydig cells occurs (Clegg, 1961 ;  Kerr, Rich & de Byers & Glover, 1984) . Despite this apparent proliferation of steroidogenic tissue, and elevated LH concentrations, peripheral testosterone concentrations are reduced. Heat-damaged testis tissue is less responsive to exogenous (Kerr et al., 1979; Schanbacher, 1980a) and endogenous gonadotrophin stimulation (Byers & Glover, 1984) . Studies involving the measurement of testicular androgen content have also indicated that the androgenic function of the ram and bull testis in vitro is impaired by exposure to elevated temperatures (Skinner & Rowson, 1968; Gomes, Butler & Johnson, 1971) . The cryptorchid rat testis, however, is hyper-responsive to exogenous gonadotrophin in vitro (de Kretser, Sharpe & Swanston, 1979; Schanbacher, 1980b;  Risbridger, Kerr & de Kretser, 1981) .
The present study investigated the in-vitro basal and gonadotrophin-stimulated testosterone production by tissue taken from the testes of the control and scrotally insulated rams used by Byers & Glover (1984) . By carrying out incubations with and without an androgen precursor, it was hoped to determine which, if any, steps in the steroidogenic pathway to testosterone are affected by scrotal insulation.
Materials and Methods
After 28-33 days of scrotal insulation (Glover, 1956) Testosterone was measured in the medium by radioimmunoassay (Byers & Glover, 1984) . Interand intra-assay coefficients of variation were 11-5 and 5-7% respectively. Recovery of tritiated testosterone from aliquants of incubation medium which had been made up to 100 µ with buffer and extracted with diethyl ether was 87-6%.
Most of the data were not normally distributed, and, unless otherwise stated, differences between scrotally insulated and control animals were analysed by the Mann-Whitney U test (Siegel, 1956 ) for non-parametric data.
Results

Testis weight and testosterone content
As shown in Table 1 , a marked reduction in the weight of testes of scrotally insulated rams occurred (P < 0001). The absolute content of testosterone but not its concentration was reduced in the testes from scrotally insulated rams. However, individual results were extremely variable, with a range of testosterone concentrations of 0-93-29-4 µg/testis in the scrotally insulated testes and 1 -2-63-6 µg/testis in the controls. Significantly different from control group: **P<0001 (t test for 2 means).
In-vitro studies
The large variation in the testosterone content of testes from individual animals was also found in incubations of minced testis tissue in vitro, and illustrates the importance of measuring basal unstimulated production of testosterone. For example, one control and one treated animal had testicular concentrations and basal levels of testosterone in vitro which were 10-20-fold higher than the group median and this suggests that the testes of these animals had been primed with an LH episode just before they were removed. Because of this variation in basal levels, results from each treatment are also expressed as incremental change from the basal level for each animal.
This experiment was not designed to investigate directly the changes in activity of enzymes involved in the biosynthesis of androgen, although an indirect assessment was obtained by measurements of testosterone production from exogenous pregnenolone. There was no difference in the basal secretion of testosterone into the medium by scrotally insulated or control testes when expressed as ng/g testis (Table 2 ) and, although basal secretion from the insulated testes was reduced when expressed per testis, this was not significant. The production of testosterone in the presence of exogenous pregnenolone, with or without LH was greater from the treated tissue on a unit weight basis although not when expressed per testis. After incubation for 1 h the incremental rise in testosterone production in the presence of pregnenolone was greater in tissue from the scrotally insulated rams (P < 0-025) (Text- fig. la ). In general, therefore, tissue from scrotally insulated rams synthesized testosterone from pregnenolone at least as effectively as did control tissue. Values significantly different from the control group value:^P <005; XP<001. Risbridger et al. (1981) who showed that testosterone production by testes from cryptorchid rats is hyper-responsive to hCG in vitro. In addition, testicular tissue from treated rams is able to synthesize testosterone from exogenous pregnenolone at least as effectively as can tissue from control animals, whilst LH and pregnenolone together have no additive effect. The addition of pregnenolone to testicular tissue in vitro resulted in a rise in testosterone production with 1 h of incubation while the stimulation of testosterone production by LH was not evident until after 4 h incubation. This suggests that one effect of LH in this system may be to stimulate the conversion of pregnenolone precursors to pregnenolone (Hall & Young, 1968) . The cleavage of the cholesterol side chain to yield pregnenolone and isocaproate is the rate-limiting step in androgen biosynthesis (Moyle & Armstrong, 1970) as well as the only reaction that is heat sensitive per se in the testis (Wisner & Gomes, 1978) . This indicates that the hyper-response of tissue from treated rams could be partly due to an accumulation of pregnenolone precursors which could be mobilized and cleaved in vitro. Esterified cholesterol does accumulate in the testes of cryptorchid rats (Johnson, Gomes & VanDemark, 1971 (Dufau, Hsueh, Cigorraga, Baukal & Catt, 1978) or LHRH (Sharpe, Fraser, Cooper & Rommerts, 1981) . It is even more difficult to reconcile the differences between the response of scrotally insulated ram testes in vivo (Byers & Glover, 1984) with the response of the same testes in vitro. It is unlikely that a temperature-induced lesion of the cholesterol side chaincleavage enzyme could be temporarily relieved during the incubations at scrotal temperature because Risbridger et al. (1981) have reported that a similar increase in responsiveness occurs in cryptorchid rat testes even when they are incubated at 37°C. It is possible that elevated LH levels after scrotal insulation may have effected a down regulation of LH receptors similar to that described by de Kretser et al. (1979) , with a consequent reduction in the sensitivity of androgenic response in vivo. However, it is not possible to explain the differences in the response of the testis to LH in vivo and in vitro in terms of receptor loss alone, because it is unlikely that any LH receptors lost after exposure to elevated LH levels in vivo are regained after removal of the testes. It seems more likely that the removal of the testes and preparation of this tissue for in-vitro studies in some way also removes a factor that is responsible for inhibiting the responsiveness to endogenous LH that occurs in vivo. If this factor were intratesticular, e.g. Sertoli cell LHRH or Leydig cell oestradiol (Dufau et al., 1978) , then mincing and washing of the tissue before incubation may have prevented its action. However, the effects of oestradiol or LHRH on steroidogenesis are thought to involve chronic changes, and it seems unlikely that these changes could be reversed during the relatively short incubations. Setchell & Sharpe (1981) have shown that exogenous hCG increases the permeability of testicular capillaries, effectively increasing its passage into the lymph fluid bathing the Leydig cells. Sharpe (1983) has now shown that artificial cryptorchidism impairs this mechanism and reduces gonadotrophin uptake by the testis in vivo. This impairment could well explain the discrepancy between the in-vivo and in-vitro responses to LH observed in heatdamaged tissue. Whatever the explanation for these phenomena, it is now clear that elevation of testicular temperature leads to marked changes in Leydig cell structure and function, and can therefore no longer be regarded as specifically affecting those cells within the seminiferous epithelium.
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